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BY ALEXANDER .lAV WI KTS. 



It was in 18'JT that Mr. Henry Noel Potter, while in the em- 
ploy of Mr. Westingbonse, at Goettino;eTi, became acquainted 
with the Neriist lamp. Early in 1898, Dr. Nernst, Mr. Potter 
and an assistant came to East Pittsburg at Mr. Westin^i^house^s 
retpiest and exhibited the new discovery. Mr. Westinghouse 
quickly recognized its great possibilities and directed the writer 
to prepare for its commercial introduction. A happy choice 
brought Mr. Marshall W. Hanks to my assistance. Mr. Potter 
returned to Goetti nj^en to studv some of the details of the work. 
In June, 1899, Mr. Edward Bennett joined us, as did also Mr. 
Frederick M. Goddard a month or two latei-, who had been 
assisting: Mr. Potter in Germany, but unfortunately in Decern- 
ber of that year, Mr. Goddard contracted a violent cold from 
which he never recovered. In February', 1900, Mr. Murray 
Charles Beebe joined us and in August of the same year, Dr. 
Max von Recklini>'hausen. 

I have thus hrieHy introduced the characters wlio have worked 
upon the Nerust lamp in America and without whose nanies its 

1. Explanatory Notes. — The Hefner unit of candle power has been 
adopted in this paper so that ready comparisons may be made with results ob- 
tained on the NeruBt lamp in European countries. 

Names of Paris in the Nernst Lamp : — The ''glower" is the filament or 
light-giving body. The *' ballast " is a steadying resistance connected in ser- 
ies with each glower. The ''holder" is the removable piece containing 
glowers and heaters. The heater- porcelain " is the porcelain disk in the 
holder immediately back of the heater. The heater-case " is a small gla.-^b 
globe used in the six-glower and thirty-glower lamps, 
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history would be incoriiplete; my onlv leo-rpf i,^- 
gentlemen are not all present on t 1? ^ 

pleasure of ^^.o...^! .^ir ^:rz::^^z 'T' 

™o.. EKor«..Ks the resets of our work upr U." 

The Glower. 
It Is not my purpose to describe the detail, r,f 
a.ents but rather to give the results of o ur , Ir^ T"' 
with the glower, so named to distinguish it frot the ^^'1 
the incandescent lamp. filament of 

Our standard 220-volt slower is al.r,nt os -ii- 
.03 of a n,illi,netre in diametl It is 11? '""^ 
a die a dougl, ,nade of the rare e::,rmi5dX::\'r 
hmding material, cutting the porcelain f , 
convenient len..ths drvlnJ / "'"de into 

-•■•es. Th^. «nall, attaching lead 

->artnoteasilvacqnirei»rKhe ' , t'nf'"^" 1 
investigation, partieularlytith .rfe/^^^^^^^^^ 

tion between the glower and lead w ^ I 

iXernst made it, consisted of a few u J'' D.'- 

aronud each end of the c^IouI h f "'"''^ ^onnd 

pasted with cen,It. tLS: ms "V""/f°°^ 

■'■inal, but the shrinkage of H 1 " 

convolutions of platinn n wi.e o, ? 

teHorate, resulting i:;';;: :xr ^ rr;:: ^•"i"" " 

glower near the terminal r„ fl u ■ destruction of the 

tions are reversed. A plati n " T"'"''' '""''^ -"di- 

the glower in such a ma t " T ^""^ °f 

part of the glower Lm I! 7 '^''"^ °" 

taetand ther'ebv Li^^^^tS^^^^^^^ the eon- 

l^ead and the glower : t''<^ Platinu.n 

"ires to the embedded platLnfllV """^ *° '"^^ '-'^ 

coi;fL7;:;::rL:;i-^^^^^^ eo,d, be. 

necessarv, or at least des.rable f o^If " 'e, ^ ? I'"' ^^^"'^ '° 
-.,.i.t be e..pected, no eleet;oi;ti 

operatmg with alternatin.. current W;h ^ '"P"''""' 
trol.vtic action is quite m"arkeT Z '^'^<=- 

t'-e negative end of the t ol Tl " ' "'^'^ ^^P''^" 

glower, winch sp.-eads gradually from 



1901.] 



WUMTS ON THE NERNST LAMP. 



f>47 



the negative toward tlie positive tej-minal. As this deposit in- 
creases, tlie voltage of the glower changes somewhat, and the 
candle power and efficiency fall oif, owing to the poor light- 
emitting properties of the blackened portion. The life of^he 
glower on alternating current is about 800 hours; with the same 
glower on direct current, it is considerably less than this. There 
are, however, radical improvements being njade in direct current 
glowers. 

A glower burns at a higher ethciency in its own heat, that is, 
in a globe, than it does in the open air!^ We shall refer again to' 



ChAB AC lERlillQ ^r^^QWEfi^JN JVACiAJM 




Fig I. 



this feature in connection with the multiple gluwer lamp. The 
glower is about as strong as a piece of porcelain of the same size, 
and it is difficult to break a short section. The terminals of a 
glower give off platinum black, which deposits on the globe; 
and although this cannot be wiped off with a cloth, it is easily 
removed in a variety of ways, so that the globe may be considered 
a permanent fixture in the lamp, and, for that reason, may assume 
fancy designs. When properly made, the voltage of a glower 
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changes but slightly during its life, the tendency being to rise 
from two to four per cent in 800 hours. For a short time before 
rupture, the voltage rises rapidly until the glower is broken. 

The characteristic of a glower witli reference to v^oltage and 
current is remarkable, and has given rise to the necessity of a 
steadying resistance. As the current in the glower is increased, 
the voltage across its terminals rises, at first rapidly, and then 
more and more slowly to a maximum, beyond which it again drops 
off with increasing rapidity as the current and resulting tempera- 
ture through the glower continue to increase. Bevond the point 
of maximum voltage, the decrease in rej^istance of the glower is 
so rapid as to make the currerjt difficult of control. In fact, 
without a steadying resistance, such a conductor would rapidly 
develop a short-circuit and flash out. The characteristic of a 
Nernst glower is shown in curve 1, Fig. 1, the small circle 
situated near the crest of the curve representing the point of 1.76 
watts per candle in the open air. 

In studying the characteristics of the dower and seekiuif for 
methods of operation under the best possible conditions, we 
naturally exploited the field in various gases including a vacuum, 
and although the experiments in this direction have not been 
exhaustive from a scientific standpoint, the results have been 
negative as far as practical results are concerned, and have de- 
mun-^trated that for the present, at least, there is nothing to be 
gained in this direction. The vacuum curve and correspond in o- 
air curve are shown in Fig. 1. Aside from the fact that the 
vacuum has shifted the point of 1.76 watt efficiency to a much 
lower voltage and liigher current density, it will be observed that 
all the points of the curve now lie on one side, giving a decreas- 
ing difference of potential for an increasing current. 8nch a 
condition as this involves the use of a relatively large steadying 
resistance, and renders the operation of the glower inefficient. 
Fig. 2 sliowB the nitrogen curve with corresponding air curve, 
and it will be observed, as in the case of the vacuum, that this 
gas has also rendered necessary a large steadying resistance and 
has thereby lowered the available efficiency of the glower. In 
Fig. 8, we have l>oth the oxygen and hydrogen curves to com- 
pare with the air curve. It is interesting to note how closely the 
oxygen and air curves compare with each other, while the hydro- 
gen curve shows characteristics similar to that of the vacuum 
curve requiring a large stead ving resistance. 
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There is an interesting plienonienon connected with glowei-s 
operating in a space free fronn oxygen, and which seems to be 
especially pronounced when operating in a vacuum. Where 
oxygen is excluded, the glower seems to be sluggish and to 
respond but slowly to changes in line voltage. The curves in Fig. 
4 show this sluggisli action in a vacuum. The line voltage is in- 
dicated by a dotted line in the upper part of the diagram, begin- 
ning with 270 volts. The upper solid curve shows the change 
of current value during a lapse of time indicated in (uinutes; 
while the lower curve shows the change in voltage on the glower 
durintr the same interval. Previous to this test, the glower had 
been run at .25 of an ampere for half an hour, after which the 
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line voltage was laiscd '20 volts and the rurrciit value- and <lif- 
ferencea of potential on the glower were taken at intervals tor 
ten minutes, resulting in the curves shown. Shortly after the 
completion of this test, the Hue voltaije was h)wered 20 volts, 
when the glower again adjustt-d itself slowly to the new condi- 
tions, and returned to its original current and ditlereiu-e -.f 
potential. In air, the glower would have responded almost im- 
mediately to similar changes in line voltage. It is likely that the 
slight changes in both cases after the first minute are largely, if 
not entirely, due to the ten»perature correction of the resistanct; 
that was connected in series with the glower. 

I 
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Steadying Resistance or Ballast. 

The advantage to be gained bj the use of a steadying resistance 
which would enable the glower to be operated efficiently at a point 
on or beyond the crest in the charar-teristic curve, was well recoo-. 




5C 
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To accomplish this under all conditions of commercial 
use and with as little loss as possible under normal conditions the 
steadying resistance should have as large a positive temperature 
correction as possible and this temperature correction should 
always be immediately available. For example, if the flower 
were operated on or beyond the crest of the characteristic, the 
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current could obviously be controlled by a sufficiently large 
steadying resistance having no temperature correction, but such 
resistance would very materially decrease the net efficiency of the 
o>lower. On the other hand, if the resistance is assumed to have 




a high temperature coetiicient, the necessary steadying resistance 
under normal conditions may be very much less than when no 
temperature correction is present, and then should there be an 
increase in electro-motive force above normal, the corrective 
power of the steadying resistance would be brought into play to 
check any abnormal tlow of current through the glower; in other 
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words, to take up the additional voltage. As already stated, iiow- 
ever, the tempei-ature correction should he immediaielynwsiWMQ, 
for if it were not, the glower would shoot over " when lighting 
above the normal pressure, that is, take more current at the start 




Fig. 5. 

than i, would a little late,- after the teu.perature correction of 
the steadj.rg resistance had asserted itself. The same would also 
be the case with any sudden increase in the electromotive force 
applied to the glower, unless the corrective power of the steady- 
Hig resistance were immediately available to check the current 
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Mr. Potter has designed a steadying resistance or " ballast," as 
lie has named it, which is certainly unique in construction and 
which meets in a very effective manner, the peculiar require- 
ments of the glower. Iron wire is used on account of its high 
temperature correction, and by properly mounting this in a small 
glass tube tilled witli some inert gas, he has secured a ballast 
having at once a liigli corrective power with minimum resistance 
under normal conditions and oxygen being entirely excluded, the 
wire can readily be worked throughout the entire liigh corrective 
region witliout danger of destruction. This remarkable character- 
istic of the ballast is well shown in Fig. 5, from which it will be 
noticed that for a 10% rise in current, the resistance of the balhist 
increases 150^, so that a glower thus protected becomes at once 
operative throughout a wide range. 

Thk IIeatkk. 

As alreadv stated, the ii'lower is a non-conductoi- when cold, 
becoming, however, a conductor when heated. For yjractical 
service in a lamp, therefore, it is necessary that sume means be 
provided for heating the glower and bringing it to a conducting 
temperature. This topic could well form the subject of a paper 
by itself, but time will permit me to review but briefly the develop- 
ments made in this direction. Some of tlie laini>s which Dr. Nernst 
brought with him from Europe were fitted with electric heaters, 
while others were intended to be heated by an ulcoliol lami) or 
even by a match. The further refinements of the lam]) imposed 
new and severe requirements upon the heater. It is therefore 
especially gratifying that we can announce the construction of a 
simple, satisfactory and effective heater, suited to the require- 
ments of the latest forms of the lamp. The glow^er is lighted at 
a temperature of about 950^ 0., and it will be readily apparent 
that to acquire such a temperature quickly and without ra]>id 
destruction of the heater and ad jacent parts, rendersthe selection of 
the materials a very serious problem. Platinum for the heater 
seems an undesirable expense in a commercial lamp, and although 
many attempts have been nrade to devise a cheap mineral heater, 
platinum still iiolds its own as the least expensive, the most 
durable, and altogether the most desirable material for this pur- 
pose. The actual expense, however, is not so serious, because when 
the platinum heater is burned out, the value of the scrap is nearly 
90^ of the original cost, and as the labor is ahnost negligible, the 
runninn: cost of the heater is small. 
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As now eonstruc'tedj the heater consists of a thin porcelain 
tube overwound with a tine platinum wire pasted with cement, 
tlie latter serving as a protection to the platinum wire from the 
intense lieat of the glowers. These tubes are wound for 110 
volts and are connected in pairs of two in sei-ies according to the 
service, the one, two, and three-glower lamps taking one pair, and 
the six-glowei- two pairs. These heater tubes are mounted on a 
porcelain support in such a manner as to alford easy access for 
repairs without removins^ the 2:lowers. The life of the heater 
when running coiitiiinouslj is about 200 hours, or 133 hours 




Fig. 6. 



when the current is turned on and ofl 4,000 times at regular in- 
tervals. Inasmuch as the heater is not called into service for 
more than about 30 seconds to light the glowers, this would in- 
dicate a practically intinite life. In actual service, however, the 
heater remains in close proximity to the glowers and the liio-h 
temperatui-e to which it is thereby subjected causes a material 
decrease in its life. Nevertheless, the life of the heater is sur- 
prisingly long, probably several thousand lamp hours. The ave- 
rage life, however, cannot be definitely determined until a large 
number of lamps heve been operated o^ er a very considerable 
period in general commercial lig-htinir. 
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Cut-outs. 

An automatic lamp requires a cut-out to disconnect the heater 
from the circuit as soon as the flower shall have lio-hted. This is 
another one of those details that Dr. Xernst developed and ex- 
hibited in some of his early lamps, hut which we have sought to 
still further perfect and to adapt to tlie special types of lamp 
which we have constructed. The cut-out includes a coil, a mov- 
ing member and a contact, ail of which must function at a tem- 
perature of about 110^' (\ with. Hit possibility of faihire. The 
coil must therefore be heat proof, the contact mn-t not weld, and 
the movinof member should not hum on alternatino: current. 
These re(]uirements are severe, hut they have all been met in a 
most effective and satisfactory manner by embedding the coil in 
cement, by making the contact of silver, and by suspending the 
moving member from a single point of su})port. 

The latter feature of the cut-out is illustrated in Fi"'. 0: 1 is 
the coil ; 2 the core ; 3 the armature or moving member, which 
is round in section ; -i is a sih'er band which makes contact by 
gravity with two silver wires not shown, forming a V ; 5 is a 
strip of sheet steel .007 of an inch thick, which is inserted into 
the armatui'e and securely held by a piu ; 6 is small steel rod or 
support for the armature ; and 7 is a hole in the steel strip 5, 
somewhat larger in diameter than the pin 0, so that when the 
armature is attracted by the magnet, tliere is ])ractically only a 
single point of contact between the strip 5 and the supporting 
pin 6. This construction has resulted in a cnt-out which entii-ely 
avoids the humming sound so persistent in the ordinary types of 
alternating current apparatus. 

Lam PS. 

The lamps thus fai- developed are indicated in the following 
table : 



Candle Power. 


Voltage. 


NO. or Glowers. 


style 


50 


no 


1 


Indoor 


50 


no 


1 


Outdoor 


50 


220 


1 


Indoor 


50 


220 


1 


Outdoor 


100 


220 


2 


Indoor 


170 


220 


3 


Indoor 


400 


220 


6 


Indoor 


400 


220 


6 


Outdoor 


2000 


220 


30 


Indoor 
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The main features are the same in all. The indoor lamps are 
provided with ornamental spun brass housings; the outdoor 
laiiijjs with neat japanned cast-iron housings. Single glower 
lamps have sitigle pole cut-outs, whereas all the multiple glower 
lamps are provided with double pole cut-outs, the reason for this 
difference being that the extremely high temperature in the im- 
mediate neighborhood of a number of glowers tends to establish 
leakage currents between the glowers and heaters, unless the 
latter be entirely disconnected from the circuit. 

We will examine in detail the six-glower lamp as typical of all 
the others, Tljis lamp is suspended fi*om an eye-bolt which 
being removed, allows of immediate access to the inner parts. 
On removing the housing, we iind that the ballasts are placed in 
a semi-circle around the cut-out, tlie arrangements of the parts 
being such as to mal<e ali easy of access. The connections are 
made with small aluminium pings on the ends of the intercon- 
necting wires which avoid the many familiar inconveniences 
associated with set screws. All the parts are mounted on porce- 
lain ; in fact, there is no combustible material whatever in the 
lamp. Tiie heaters and ghiwers are attached to a removable 
piece or hulder," the design being such that the heaters backed 
by a porcelain *!isk are imrnediatelv above the j^lowers, resultino- 
in the following advantages: Stagnation of heat from the heater, 
thereby lighting the glowers in minimum time; no shadows, 
nearly all the light being thrown downward where it is ordinarily 
most desired ; stagnation of heat from the glowers whereby the 
latter are mn in their own heat and therefore at a higher effi- 
ciency than they woukl otherwise. The glowers and heaters are 
attached to the binding posts of the holder by means of small 
aluminium plugs, su that the perishable members are always 
easily and conveniently interchangeable. The holder is provided 
with nine contact prongs, which, when the holder is pushed up 
into the lamp, automatically make the desired connections. 
These are shown in Fig. 7 ; 1 and 2 represent the line terminals; 
3 the actuating C(jil ; 4 and 4 the double pole cut-out ; 5 the 
heater; 6 the glowers ; and 1 the ballasts, there being, of course, 
one ballast for each glower. A small glass globe, called the 
heater-case/' is held by spring clamps around the glowers, the 
function of which is to retain the heat and thereby decrease the 
time of lighting as well as increase the elliciency of the glowers. 
In service, the ^' heater porcelain," which is the porcelain disk 
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immediately above the heater, becomes coated with a tliin layer 
of platinum black, unless measures are taken to prevent it, and 
this not only decreases the illuminatirig power of the lamp, but if 
not removed, will in course of time become conducting and cause 
leakage of curretit. No simple means have been discovered for 




1^ ^ 
• 10 ( . 



removing the platinum black from the porcelain surface. This 
difficulty, nevertheless, has been avoided by coating the surface 
of the porcelain with a thin layer of white paste, which may be 
easily removed with a stiff brush or scraper. The platinum 
black now deposits on this coating, both of which may be re- 
moved together, leaving the fresh, white surface of the original 
porcelain to be recoated for further service; but even shouhl the 
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platinum black be allowed to accumulate, all danger of leakage 
cuiTents is avoided by surrounding the boles through which the 
lead wires pass, by small annular rings or grooves, it having been 
discovered that the platinum black will not deposit in these small 
spaces; the continuity of the platinum black surface between 
the lead wires is thereby interrupted. For higher candle powers, 
the six-glower holder is used as a unit and this may be multiplied 
to any desired limit. 

The quality of the light is I'emarkable for its beauty and close 
approximation to daylight. All colors are seen in their proper 
shade, making the light especially desirable in stores, art gal- 
leries, drawing-rooms and the like. The absence of shadow, the 
steadiness of the light, the simplicity and low cost of maintenance, 
the high efficiency of the lamp, and the fact that it is operative on 
3,000 alternations, are features that will commend themselves 
strongly to the lighting world. 



Efficiency. 



It is not an easy mattei- to state the efficiency of a light, and the 
difficulties are especially pronounced in the case of the JS'ernst 
lamp. It would seem desirable, therefore, to give the results of 
various methods of ineasurement and comparison rather than to 
make any definite statement based on any particular method or 
set of readings. Referring, therefore, to the six-glower, 220-volt, 
alternating current lamp, from which most of the data has been 
obtained, we may note the following: 

A 22U-volt glower operating at its normal current of A of an 
ampere, requires 20 volts njore in the open air than when burn- 
ing with five otlier glowers in a three-inch globe. The lower 
voltage and consequently the improved efficiency, when multiple 
glowers are placed in a globe, is due to the fact that the glowers 
are operating in a highly heated atmosphere. The efficiencv of 
the six-glower lamp with clear heater case, but without the dome 
shade, is 1.2 watts measured in the direction of greatest intensity. 

A more satisfactory statement will be found in the accom- 
panying table giving the spherical and lower hemispherical effi- 
ciencies of the six-glower Nernst lamp, together with the cor- 
responding figures for alternating current and direct current en- 
closed arc lamps : 
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floor illuminatiou for the ^''ernst laaip. Although the uieasure- 
nient shows a slightly better general illumination tor the arc lamp, 
yet the quality and steadiness of the Nernst light, together with 
the entire absence of shadow, give an impression of decided su- 
periority in favor of the Xernst. 

The two sets of curves, Figs. 8 and 9, show interesting com- 




parisons between the Nernst and incandescent lamps under con- 
ditions of varying voltage. Fig. 8 shows the relative change in 
candle power and Fig. 9 the relative change in ethciency, all the 
variations in each case being given in per cent, of normal condi- 
tions. These curve?^ are self-ex])lanatorv except as to the remark- 
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able steadiness of candle power in the Kernst lamp when forced 
above normal voltage. The feature is due to the great corrective 
power of the iron ballast. 

At present our data regarding the effect of running Xerns*. 
lamps at different efficiencies is rather limited. Figures of this 
character require many readings under all kinds of conditions and 
it may be some time before these can 

finitely recorded, but roughly, it may be stated that the efficiency 
of the glowers falls but slightly during their natural life, provided 
the lamps are kept properly cleaned. 



Voltage 



ErnciENCY Charactc ristics 



/4d 




Fig. 9. 



Performa^^ck of the Lamp. 

At the present writing, July 15tl., there are in operation at East 
Pittsburg, 73 six-glower lamps, one three-gluwer and three single 
glower ; in our laboratory and shop at Allegheny, 40 six-glower, 
10 three-glower, and 21 single glower lamps; in the courtyard 
we have four outdoor six-glower lamps and in the tumbling room 
of the foundry, one outdoor six-glower lamp, all running on 
alternating current at 220 volts. In addition to these, there are 
U sincrle glower direct current UO-volt lamps in Mr. Westmg- 
house'^'s residence, making a total of something like 50,000 candle 
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power in aij i about Pittsburg. At the Pan-American Exposi- 
tion, we ha\ e lighted the interior of the dome of the Electrioitv 
Building by festooning 92 six-glower lamps from a pcddant 
chandelier consisting of a central lamp of 30 glowers and 2,000 
candle power encircled with six lamps of the six-glower tvpe; 
on the floor, variously distributed, there are 12 six-glower, 24 
three-glower and eight one-glower lamps. These figures are in- 
tended to give some idcii of the scale on which the Nernst lamp 
has been developed and the resources which have been placed at 
our di^I)06ill. 

Seventeen six-glower lamps have been runnirjg at East Pitts- 
burg for more than a year, and aw now showing an average life 
of 800 hours per glower. A similar reconl has been made with 
14 six-glower lamps operating in Allegheny for about a year and 
a half. The four outdoor six-glower lamps h.ivc \n'vn running 
every night during the last twelve months through all kinds of 
weather, and up to the present time have not given a moment's 
trouble. The six-glower lam|» in the tumblitig rooiij of the 
foundry failed in the cut-out at the end u( Loon h<Mirs (►win.r f,, 
the accumulation of a bunch of iroji dust on the ()oh' (.f the fut- 
out magnet, but a few strokes <»f a brush removed tlw diflii iiltv 
and the lamp was continued in service. 

The line service t(» these lamps h;is l>een fairly good f<u- a shop 
circuit. As a matter of record, however, it was deci<led lo test 
four bix-glower lamjis on a circuit having wide voltage tluctua- 
tiouB and to keep a record of the service and the lamp perfor- 
mance. The record follows: 

Four six-glower, 22(>-volt lam[»K were run 1.(Mmi ]„,urh. The 
run was continuous with the excepti(»n of three periods per day 
of one-half hour each when the lamps wore turned off. A record 
of the volUge wa^ kept with a Jiristol rec(»rding voltmeter. An 
inspection of the voltmeter cards show that these may be classified 



under three types. Of the «rst. there were 15 cards, indicating 
that the voltage did not rise higher than 229 volts and onlv re- 
mained there Un a sh(»rt period. Of the second type, there were 26 
cards, in which the voltage reached a nuiximum of 282 volts, main- 
taining tills for aUut four hours. Of the third type, there were 
foor cards showing a rise of voltage to 2;^ and remair.ing at 2;{r» 
for five hours These canis show that the lam|>s have been tesU*d 
on a circuit, preseure of wliich varies from 4% below Uj 7i% 
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above normal. There were no ballasts or heaters burned out 
during this run, nor did the lamps receive any attention or give 
any trouble. 




Oi the 24 irlowLTs 



inalving un uverai^L' u 



in tliffo lamps, 
ir> ran 1,000 houi-s; 
6 ran 7l»*J iiours ; 

1 ran jSO hiMirs ; 

2 ran 3^0 lionrs ; 
i 8*J0 lioiM>. 
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The three, two and one-glower 220-Tolt, alternating current 
la rape have given eqnallj satisfactory service, but the glowers in 
the 110-volt alternating current lamp are not qoite so nniform in 
their performance and the same glowers on direct current are 
comparativelv short lived, averaging in the neighborhood of 150 
hours : 22(>-vo]t glowers, however, on a direct current circuit would 




Fig. 11-— Heater tubes and glowers 





Fig. 12 



one glower lamps, showing 
inserted. 



of the We^tingl 




iiLue. JlC iiast rituburg, where a section 
works, abont 350 feet Ion? is lighted with 
50 six-glower lamp^ suspended immediatelv above the'' traveling 
crane., the features which strike me more forcibly than anvthing 
else arethebeaotT of the illumination and the 'total absence of 



associa 



illnmination in places of this character. 



arc 
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In connectiou with this topic, it will be interesting to note just 
what is going on in the lamp during the time of lighting, also 
during service under varying conditions of line voltage. Refer- 
ring to Fig, 10, we have a curve showing the current taken by a 
six-glower 220-volt lamp during the lighting period. It will be 
noticed that as the current is turned on, there is a sudden rush of 
nearly 3.5 ampere^ through the heater, which, owing to the tem- 
perature correction of the platinum wire, is <juickly reduced to 
about 1.3 amperes. At the end of 20 fteconds, the tirst glower 
begins to light ; at the end of 'M) seconds, the secorwl glower is 
lighted and the heater is cut out, the current dropping at once to 
.75 of an ampere ; the remaining glowers then light rapidly until 
at the en<l of 4n .seconds all the glowers are liglited. From this 
point on, there is a slight droji in tlic current until the lamp 
reaches itw iKjrfnal iiinning temperature. 




Fiu. 13 — I'arts of the single glower lamp. 

Ueferring once more to Fig. 5, we. tind the current and voltage 
characteristics of the dillVrefit elements in the la!n[», and above 
these the <'haracteristics of Hir lamp ir>elf. the latter being the 
sum of the cut-out coil, the ballast and the glower. The lamp 
curve was takefi fn»m actual mea.siirements and approximates 
very closely to the sum of the elements, the slight ditlerence 
probably being due to some ditTerences of temperature. The 
voltao-e scale for the cut-out and ballast curves will l>e found or» 
the riirht hand side of tlu' diagram; that of the glower and lamp 
on the left hand si.le. ^ Our attention is now directed to the ex- 
cellent characteristic of this lamp, and when we consider the 
severe conditions imposed by the glower characteristic, I think 
we are to bo couirrutulated «>n the results which have l>een at- 
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tained. With a normal in the lamp of 2.4 amperes and 220 volts, 
it will be noticed that an increase of 14^ in voltage causes but a 
10% increase in current, resulting in a comparatively steady light 
and safe running conditions for the lamp in commercial service. 
A rise of 25j^ in the line voltage would burn out the ballasts in a 
very short time, but a rise of 10% for short periods does not 
seriously affect the life of either glower or ballast ; a rise of 5^ 
may be considered allowable for indefinite periods. 

Repair and Maintenance. 

When the lamps are first started, they require no attention. 
After 1,000 hours, however, the renewals become fairly regular 




Fia. 14.— Two and three glower Fig. 15.— Six glower lamp, indoor type, 
lamp, indoor type. 

and our experience shows an average life of 800 hours for the 
glowers, 2,000 to 3,000 hours for the heaters and an indefinitely 
lon^ life for the ballasts. It will, however, be some time before 
the average lite of the heaters and ballasts can be definitely de- 
termined. The attention which these lamps receive, consists in 
liaving the inspector examine the lamps once a week throngh a 
colored glass to determine whether or not all six glowers are 
burning. If two glowers ai-e out, the lamp is turned ofi'", the 
holder removed and two new glowers inserted ; the holder is then 
returned to its place and the lamp continued in service. Aside 
from such renewals, these lamps have not given the least trouble. 
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On the occasion of -jtartin^' u[» 6<» .^ix-^iou t r i.tinps at Eaet 
PittsI )iirg, one of the eni^inecrs who had harl considerable ex- 
perience with arc biMips, rein-irked that tny troubles would now 
he^m ; but, frankly, I think he was mistaken. A^ide from the re- 
newal of th(! peri-.!iaf)h; part?-, I see nothing in the lamp which 




Fid. 1ft —How to grip the hoKltT without disturbing th**glow»r». 

could possiblv cMiiM- fioiible cM'rpt under the nii>st extrHordinary 
circniiistances. In fart, ^hrndd i l;niip reeeiv iiiL; proper attention 
fail to li'dit I wouM look t\»r the troulde eUewhere than in the 
lamp. 

In commcn-ial >ervie-e it is iuteinUil that thf central ^tAtioo 
>hall make the rciicNvals in the holders. The custonn-r will he 
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provided with a case containing a suitable number of complete 
holders, readv for service, so that when a renewal is to be made, 
the customer will simply remove the old holder and insert a new 
one, such operation consuming but a moment's time; then, at 




Fig. 17. — Six-glower lamp, out-door type. 

convenient periods, the old holders will be exchanged for new. 
Where lamps are used in quantity, the renewals will probably be 
made by the local attendant. The replacing uf a ballast requires 
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the removal of the lamp from the circuit, but after that the re- 
newal is easily and quickly made. A slight withdrawal of one 
ecrew releases the ballast tube from its socket, whereupon the 
small aluminium tei-minal plugs may be withdrawn and the new 
ballast inserted. This operation does not require any tools other 





Fig. 18. — Thirty-glower lamp, intlooi- type. 

than a pair of small tweezers, and the renewal can la- made with- 
out returning the lamp to the workbench. 

^ * * -X- -X- * * * ^- ^ •:<- -X- * ^ 

The following instructions for the care and iu.^pection of the 
Nernet lamps are observe.l at East Pittsburg: 

Inspection of the Lamps, — The lamps should be inspected 
every 100 lamp hours. After being turned otf, the lamp is 
tamed on, and it is noted whether all the heater tubes become 
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brioht. If any of the heater tubes are burned out, the holder is 
replaced by a new one. 

If the heaters are intact, the number of glowers burning is 
determined. If fiye or six are burning, the lamp needs no at- 
tention. 

If less than liye glowers are burning, the lamp is to be turned 
off, the holder taken out and the number of broken glowers de- 
termined by inspection. If the number of broken glowers is less 
than the number of glowers that were out, one or more ballasts 
are out of order and the lamp is to be taken down at once and 
the defectiye ballast replaced. When two or more glowers are 
burned out, tlie holder is to be replaced hy a reserye holder. 




Fig. 19. — Single glower lamp, indoor type. 

BaJJasts. — These are supplied in boxes marked " Ballasts for 
six-gluwer lamps," Ballasts for one-glower lamps," etc. Burned 
out ballasts are to be renewed as soon as discoyered and may bo 
replaced without taking the lamp to the workbench. 

•5^■7f•7^*■^*■x■•5^■*^f•5f*•3<■*■K• 

Ghywers — These are supplied in glass tubes marked with 
the yoltage of the lamp for which the glower is intended, 
thus, Glowers for 220-yolt, six-glower lamps." Cxlowere marked 
for six-fflower, are not to be used in a three or one-oflower lamp 
and yice versa. 

Heaters. — These are wound for 110 volts and are so marked. 
They are connected two in series for 220 volts. In the six- 
glower lamp there are four tubes connected in multiple series. 

Heater Porcelain. — (This is the porcelain disk immediately 
behind the heater.) The heater porcelain is given a white coat- 
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ing which l>ecome8 fairly hard, but can be easily scraped or 
brushed off when it becomes covered with platinum back. When 
a holder with a black heater porcelain is removed, the glowera 
should be taken out, the old coat brushed ofF, except directly 
under the heater tubes, and a new coat of heater porcelain 
paste " applied. This paste is a white powder which is to be 
mixed with water and applied with a camel's hair brush. After 
replacing the heater porcelain and allowing it to dry in the air, 
run the heater for two minutes on 220 volts, placing the holder 
in a heater case. This hardens the coating, after which the 
glowers may be replaced. 

* * -X- -X- -x- * -;v -X- -X- -x- 'X- -X- -X- * ■;<- 

Conclusion. 

In closing, let me say that the Nernst lamp can in no sense be 
considered an experimental device. The development of details 
connected therewith has continued until all question of doubt as 
to its commercial success has been removed by the operation of 
a large number of lamps of various sizes and finished pattern for 
extended periods under commercial conditions, and it is confi- 
dently felt tliat the splendid exhibit of these lamps which may 
be seen at the Pan-American Exposition will prove a fitting dem- 
onstration of the complete and tliorough manner in which the 
brilliant discovery of Dr. Nernst has been taken up and pushed 
forward in America. 



Note. — There are now, February 1002, in regular commercial aervice, 
more^than 300,000 candle-power in Nernst lamps.— N. L. Co. 
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